Patients with end-stage renal disease use the emergency department (ED) at a 6-fold higher rate than do other US adults. No national studies have described ED use rates among kidney transplant (KTx) recipients, and the factors associated with higher ED visits/PY in months 1-3; 1.13 visits/PY in months 3-12 posttransplantation). ED visit rates were higher in the first 30 days versus rates for dialysis patients but less than half the rate thereafter. Female sex, public insurance, medical comorbidities, longer pretransplantation dialysis vintage, and delayed graft function were associated with higher ED use in the first year post-KTx. Policies and strategies addressing potentially preventable ED visits should be promoted to help improve patient care and increase efficient use of ED resources.
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Optimal care of KTx recipients requires a coordinated treatment and management approach to guide transitions of care from the inpatient to outpatient care setting. While some ED visits and hospital readmissions may be necessary, many ED visits represent fragmentation in the coordination of the care of KTx patients; the visits are unscheduled, they may be due to necessary or unnecessary reasons to seek medical evaluation, and they can rapidly evolve to an episode of acute care.
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While prior single-center studies have suggested that KTx recipients have high ED use, these studies are limited in their generalizability. [12] [13] [14] [15] [16] [17] Single-center studies estimate that nearly 70%
of KTx patients use the ED within 5 years of their transplantation
and that 60% of all KTx patients who present to the ED are admitted to the hospital, a 3-fold higher rate than that of the general ED population of those centers. [15] [16] [17] Hospitalization among
KTx recipients is associated with poor outcomes, 12 and more than one-fourth (28%) of KTx-associated readmissions are initiated in the ED. 13 McElroy and colleagues recently demonstrated lower 3-year graft and patient survival rates among abdominal transplant recipients who present to single high-volume EDs within 1 year after transplantation. 14 One larger regional study of ED use among KTx patients identified substantial variation in ED use rates between transplant centers-from 70 to 190 visits per 100 patient-years (PYs), underscoring the significant practice variation that exists and the resulting possibility that at least some of the ED use may be preventable. 18 Management of complex patients, such as KTx patients, is resource intensive. Excessive rates of KTx patient recidivism to the ED may lead to ED inefficiency, crowding, and worse outcomes for other patients. [19] [20] [21] A more definitive understanding of the trends and causes of ED use among a national population of KTx recipients is necessary to identify potentially modifiable factors and to identify opportunities to improve quality of care and lower resource use. The purposes of this study were to describe ED use, hospital admission, and outpatient nephrology visits among the national Medicare KTx patient population and to determine the sociodemographic and clinical characteristics associated with ED services after KTx. We also sought to compare ED visit rate and hospitalization from the ED in a comparison population of incident dialysis patients from the same time period.
| METHODS
| Study population and data sources
All patient data were obtained from the United States Renal Data System (USRDS) database, a comprehensive national database of patients with ESRD in the United States. We included all adult (age and their person-time was censored at the date of death. Extreme outliers and high-volume ED users (defined as patients using the ED more than 50 times in the first year) were excluded from the pooled patient data analysis to account for the anecdotal possibility of patients using the ED as a primary provider (n = 98) but were examined in sensitivity analyses. Thus, the overall study population included 
| Study variables
| Data analysis
We calculated incident rate ratios of ED use, hospitalization from the ED, and nephrology visit rate as the number of visits divided by 
| Sensitivity analyses
A total of 43 360 transplant recipients did not have an index hospitalization claim at the time of transplant surgery and were presumed to not be covered by Medicare at the time of transplantation. While these patients were included in main analyses because some of them may have become Medicare eligible during the study period, we described this population and repeated multivariable models in sensitivity analyses.
The study protocol was approved by the Emory University Institutional Review Board. All data processing and statistical analyses were conducted by using SAS v9.4 (Cary, NC). Figure 1 ).
| RESULTS
| ED visits
The results of the multivariable analysis examining factors associated with ED use rate in the first posttransplantation year are presented in Table 3 . Among patients receiving a deceased donor kidney, The factors associated with higher ED use in the first 30 days were the same as main analyses, although effect estimates were generally stronger, particularly for public insurance, dialysis vintage, and transplant center volume (Table S1 ).
| Outpatient nephrologist visits
KTx recipients who used the ED were also found to require a higher number of posttransplantation outpatient nephrologist visits. In the first 30 days after transplantation, ED-using recipients had a greater (Table 4) . 
T A B L E 1 Patient characteristics of ED-using and non-ED-using kidney transplant recipients in the United
| Hospital admissions
Approximately 41% of ED visits by KTx recipients resulted in hospital admission, accounting for 257 000 admissions during the study period. The 10 most common primary admission diagnoses in the first 30 days, 90 days, and 1 year posttransplantation are listed in Table 5 , with graft complications (15.3%), septicemia (7.5%), and urinary tract infections (4.9%) as the top 3 causes of admission in the first year.
The most hospital diagnoses among KTx patients admitted from the 
| High-volume user analysis
Characteristics of high-volume ED users (n = 98) are shown in 
| Sensitivity analysis
In analyses examining only patients with complete index hospitalization records at the time of transplantation (n = 89 414), we found that patients missing Medicare claims data at the time of transplantation were more likely to be younger (mean age 52.0 vs 51. . In multivariable models, the factors associated with higher ED use were the same as in main analyses, although effect estimates were generally stronger (Table S4 ).
| DISCUSSION
In this national study of KTx patients, nearly half of US KTx recipients had at least 1 ED visit in the first year posttransplantation with 1 in 4 ED visits occurring within 30 days of their transplantation, a rate 20% higher than the national average for postoperative Medicare patients. 11 Despite the high initial ED visit rate in the first 30 days posttransplantation, ED use declined substantially after the first month and was nearly half the rate of use of dialysis patients beyond 30 days.
This demonstrates that transplantation not only has improved survival over dialysis 24 but also contributed to improved quality of life by lowering the number of ED visits. We also found that ED visits resulted in a high proportion (41%) of hospitalizations from the ED during the first postoperative year and remained high up to 5 years posttransplantation. While the high admission rate may suggest that some of these ED visits are not preventable, it could also reflect a lower threshold to admit patients in the first year posttransplantation given the increased risk of complications and the increased scrutiny that results from the public reporting of adverse events. However, the variation in ED visit rate across transplant centers and our finding that ED-using recipients had a greater than 3-fold higher rate of outpatient nephrology visits in the first posttransplantation year compared with patients who did not use the ED suggest that it may be possible to identify patients earlier Missing covariate data include: sex (n = 24), insurance coverage at the time of transplantation (n = 1850), dialysis modality (n = 713), body mass index (n = 14 782), extended criteria donor (n = 8696), delayed graft function (n = 8704), HLA mismatch (n = 8703), cold ischemia time (n = 22 751), and length of stay during index hospitalization (n = 8895). ED, emergency department; ESRD, end-stage renal disease. consistent with previous single-center literature 15, 17, 32 that reflects high rates of graft and infectious complications that are potentially preventable with improved adherence to medications, clinical protocols, and outpatient visits. Strategies such as encouraging the use of urgent care clinics rather than the ED may be an approach to both reduce costs and prevent hospitalizations. However, urgent care clinics are not evenly distributed in the population and are less prevalent in neighborhoods that serve a higher population of safety-net populations. 40 It is unclear whether outpatient nephrology visits may also be helpful to prevent ED visits and hospitalization. We found that patients with at least 1 ED visit had a greater than 3-fold higher rate of nephrology visits, but the timing of these visits before and after ED visits is unknown.
There may be a variety of other potential interventions to help reduce the high ED and hospitalization use in this population and improve care coordination for these KTx recipients. Integrated care systems have been a part of KTx practices since its inception due to the complexity of the care required by these patients, and interventions at multiple health system levels may be warranted. The 
